Background. Good results of drug-eluting balloon (DEB) use are achieved in in-stent restenosis (ISR) lesions, small vessel disease, long lesions, and bifurcations. However, few reports exist about DEB use in acute myocardial infarction (AMI) with ISR. This study's aim was to evaluate the efficacy of DEB for AMI with ISR. Methods. Between November 2011 and December 2015, 117 consecutive patients experienced AMI including ST-segment elevation MI, and non-ST-segment elevation MI due to ISR, and received percutaneous coronary intervention (PCI). We divided our patients into two groups: (1) PCI with further DEB, and (2) PCI with further drugeluting stent (DES). Clinical outcomes such as target lesion revascularization, target vessel revascularization, recurrent MI, stroke, cardiovascular mortality, and all-cause mortality were analyzed. Results. The patients' average age was 68.37 ± 11.41 years; 69.2% were male. A total of 75 patients were enrolled in the DEB group, and 42 patients were enrolled in the DES group. The baseline characteristics between the two groups were the same without statistical differences except for gender. Peak levels of cardiac biomarker, pre-and post-PCI cardiac function were similar between two groups. The major adverse cardiac cerebral events rate (34.0% vs. 35.7%; p = 0.688) and cardiovascular mortality rate (11.7% vs. 12.8%; p = 1.000) were similar in both groups. Conclusions. DEB is a reasonable strategy for AMI with ISR. Compared with DES, DEB is an alternative strategy which yielded acceptable short-term outcomes and similar 1-year clinical outcomes.
INTRODUCTION
With the improvement of the technology and the design of the stent, the incidence of instent restenosis (ISR) decreased. Drug-eluting balloons (DEBs) have become an important alternative to the current treatment of ISR (Wöhrle et al., 2012) . The 2014 European guideline for coronary revascularization recommends the use of DEB for the treatment of ISR of a bare-metal stent (BMS) or drug-eluting stent (DES) (Class I, level of evidence: B) (Windecker et al., 2014) . However, the American College of Cardiology/American Heart Association/Society for Cardiovascular Intervention guidelines for percutaneous coronary intervention (PCI) recommends DES to treat BMS ISR (Class I, Level of Evidence: A) and plain old balloon angioplasty, BMS, or DES to treat DES-ISR (Levine et al., 2011) . The guideline does not issue any recommendations for DEB. In real-world practice, the use of DEB for either BMS or DES restenosis showed good clinical results (Stella et al., 2011; Lee et al., 2016) . DEBs provide advantages over DESs, such as rapid release of drug to the arterial wall, the absence of polymers and stent structures, and the absence of stent thrombosis (Waksman & Pakala, 2009) . Paclitaxel has been identified as the primary drug for use in DEBs because of its long-lasting antiproliferative effect and retained uptake by vascular smooth muscle cells up to one week (Waksman & Pakala, 2009) . On the other hand, DEB also has been applied for de novo coronary lesions, small vessel disease, long lesions, and bifurcations, and presented good results (Fröhlich et al., 2013; Vaquerizo et al., 2015; Richelsen, Overvad & Jensen, 2016) .
However, there are few data about use of DEB in acute coronary syndromes, especially acute myocardial infarction (AMI). One DEB-AMI trial (Belkacemi et al., 2012) in STsegment elevation myocardial infarction (STEMI) patients, angiographic results of DES were superior to both BMS and DEB plus BMS. However, no clinical outcomes of DEB for STEMI and no other randomized trials about DEB use in non-ST-segment elevation MI (NSTEMI) were achieved. Most trials and real-world practice also use DEB for relative stable conditions such as stable angina and unstable angina (Wöhrle et al., 2012; Lee et al., 2016; Fröhlich et al., 2013) .
Therefore, we focused on the use of DEB for acute conditions with thrombus. This study's aim was to compare the differences in clinical outcomes between the use of DES and DEB for AMI with ISR.
MATERIALS AND METHODS
The study was approved by the Institutional Review Committee on Human Research of Chang Gung Memorial Hospital for retrospective analysis in consecutive patients with AMI including STEMI and NSTEMI who underwent PCI with DEB and DES for ISR between November 2011 and December 2015 in our hospital. The approval number was 201701790B0. The raw data was from the myocardial infarction registry of Kaohsiung Chang Gung Memorial Hospital.
Patients and groups
Between November 2011 and December 2015, 117 consecutive patients with AMI and received PCI for ISR were retrospectively enrolled. All patients refused CABG due to high operation risk and patients' choice. The patients were divided into two groups: (1) PCI with further DEB, and (2) PCI with further DES. In both groups, dual anti-platelet therapy (Aspirin plus clopidogrel or ticagrelor) was used for one year for AMI. The decision of using DEB or DES was on the operator's discretion. The most reasons that the operator choose DEB were: (1) the lesions had more than two layers of metallic stents; (2) the lesions were relatively less of a plaque burden after balloon angioplasty.
Endpoints
Clinical outcomes such as target lesion revascularization (TLR), target vessel revascularization (TVR), recurrent MI, stroke, cardiovascular mortality, and all-cause mortality were analyzed. In-hospital major adverse cardiac cerebral events (MACCEs), cardiovascular mortality, and all-cause mortality were compared between the two groups.
Definitions
AMI definitions were in accordance with the most recent universal definition of AMI (Thygesen et al., 2012) . TLR was defined as a repeat PCI or CABG for a lesion in the previously treated segment or in an adjacent 5 mm segment. TVR was defined as a repeat PCI in a target vessel. MACCEs included TLR, TVR, recurrent MI, stroke, and cardiovascular mortality. Cardiovascular mortality was defined as death related to cardiac arrhythmia, heart failure, and cardiogenic shock. All-cause mortality was defined as death from any cause.
Study endpoints
The primary endpoints were a MACCE during the follow-up period. The secondary endpoint was all-cause mortality during the follow-up period.
Statistical analysis
Data are expressed as a mean ± standard deviation for continuous variables or as counts and percentages for categorical variables. Continuous variables were compared using an independent sample t or Mann-Whitney U tests. Categorical variables were compared using a Chi-square statistic. A Kaplan-Meier curve was performed with log rank test for TLR, TVR, recurrent MI, and cardiovascular mortality in DEB and DES groups during the 1-year follow-up period.
Because the patients were not randomly assigned, there was some bias in baseline characteristics. In order to compare the clinical effect between DEB and DES, a propensity score matched analysis was performed as a 1-to-1 matched analysis using a logistic regression model for the DEB group versus the DES group to adjust for differences in baseline characteristics. Using the estimated logits, the DEB group and the DES group had the closest estimated logit value. The baseline covariates were compared between these two groups and were similar.
All statistical analyses were performed using SPSS 22.0 (IBM Corp., Armonk, NY, USA). A p-value <0.05 was considered statistically significant.
RESULTS

Patient characteristics (Table 1)
The average age of the patients in both groups was similar, but the percentage of males was lower in the DEB group (61.3% vs. 83.3%; p = 0.021). Most patients presented NSTEMI One-year clinical outcomes of DEB and DES group (Table 3) Between two groups, the incidence of events including in-hospital MACCE, total MACCE, TLR, TVR, recurrent MI, stroke, cardiovascular death, and all-cause mortality were similar.
The Kaplan-Meier curves of 1-year clinical outcomes of DEB and DES groups in TLR, TVR, recurrent MI, and cardiovascular mortality (Fig. 1) In Fig. 1A , the Kaplan-Meier curve of 1-year TLR showed significant difference at the half-year follow-up period (6.3% vs. 20.9%; p = 0.034), and became no different at the 1-year follow-up period (26.9% vs. 22.5%; p = 0.862). In Fig. 1B , the Kaplan-Meier curve of 1-year TVR showed no significant difference at the half-year follow-up period (11.1% vs. 23.3%; p = 0.114), and at 1-year follow-up period (31.3% vs. 27.5%; p = 0.776). In Fig. 1C , the Kaplan-Meier curve of recurrent MI showed no significant difference at the half-year follow-up period (5.1% vs. 14.7%; p = 0.136), and at the 1-year follow-up period (16.1% vs. 21.9%; p = 0.400). In Fig. 1D , the Kaplan-Meier curve of cardiovascular death showed no significant difference at the half-year follow-up period (6.5% vs. 12.5%; p = 0.309), and at the 1-year follow-up period (11.7% vs. 12.8%; p = 0.765). 
Patient and lesion characteristics, and one-year clinical outcomes of DEB and DES group after propensity score matched (Tables 4 and 5)
After propensity score matched, all baseline characteristic became similar between two groups except post-PCI MLD. In addition, higher incidence of TLR (4.9% vs. 22.0%; p = 0.048) and TVR (4.9% vs. 24.9%; p = 0.026) was noted at the half-year follow-up period.
DISCUSSION
In the present study, the baseline characteristics were similar, expect for gender. Most patients had multiple vessel coronary artery disease and had undergone BMS implantation 
Notes.
Data are expressed as mean ± SD or as number (percentage) . N , number; L, lesion; DEB, drug-eluting balloon; DES, drug-eluting stent; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non ST-segment elevation myocardial infarction; MI, myocardial infarction; PAOD, peripheral arterial occlusive disease; CABG, coronary artery bypass grafting; ESRD, end stage renal disease; CK-MB, creatine kinase-MB; PCI, percutaneous coronary intervention; MLD, minimal luminal diameter; RLD, reference luminal diameter. Table 5 One-year clinical outcomes of DEB and DES group after propensity score matched.
In-hospital MACCE (%) 0 (0) 3 (7.5) 0.241
Half-year
Target-lesion revascularization (%) 2 (4.9) 9 (22.0) 0.048 Target All-cause mortality (%) 6 (16.7) 7 (17.9) 1.000
Notes.
Data are expressed as mean ± SD or as number (percentage) . N , number; L, lesion; DEB, drug-eluting balloon; DES, drug-eluting stent; MACCE, major adverse cardiac cerebral event.
previously. Most ISR were diffuse lesions in both groups. DEB group had worse pre-PCI stenotic percentage and worse post-PCI results than the DES group. These results were related to no metallic structure in the DEB group, but did not influence clinical outcomes. The DEB group experienced less recurrent MI during the half-year and 1-year follow-up periods due to no metallic structure. In the DEB group, better results at about half-year TLR and half-year TVR were noted, but similar results at about 1-year TLR and TVR were noted. A relatively lower percentage of IVUS use was related to an emergent condition. According to our results, use of DEB for ISR with AMI had similar results as use of DES, and could decrease the possibilities of short-term events. Paclitaxel is the most effective drug used with DEB technology due to its significant lipophilia, which allows for a more homogeneous distribution through the vessel wall, as well as a quick absorption and the duration of the effect, which may be extended for several days (Waksman & Pakala, 2009) . Many studies including randomized controlled trials and meta-analyses showed good results of DEB for ISR compared with conventional balloon angioplasty (Habara et al., 2011; Indermuehle et al., 2013) , and similar results of DEB for ISR compared with DES (Alfonso et al., 2014b) . Most patients presented a relatively stable condition such as silent ischemia, stable angina, and unstable angina in randomized controlled trials (Habara et al., 2011; Indermuehle et al., 2013; Alfonso et al., 2014b) . However, there are few data about DEB in acute coronary syndromes, especially AMI. Compared with BMS alone for NSTEMI, patients treated with BMS plus DEB had significantly less luminal loss, but the treatment did not affect patient clinical outcomes (Besic et al., 2015) . In STEMI, angiographic results of DES were superior to both BMS and DEB plus BMS (Belkacemi et al., 2012) . Therefore, physicians preferred to use the metallic stent first for AMI due to high thrombus condition, and used the DEB to mimic DES. Currently, no head-to-head randomized study has been performed to compare the clinical outcome between only DEB and DES for AMI.
DES improved the outcome of AMI after PCI, but recurrent ISR and stent thrombosis still were difficult problems. ''Stent in stent'' treatment increases the possibilities of stent thrombosis due to luminal loss, chronic inflammation and hypersensitivity reactions (Alfonso et al., 2014a) . Repeat stenting for ISR may be related to insufficient stent expansion and suboptimal stent geometry because restenotic or thrombosed stents are difficult to reopen (Seedial et al., 2013) . DEBs have recently had a potential to overcome the limitations of DESs. Some limitations of DESs are the need for long lengths to cover the entire surface of a diseased vessel, their association with excessive intimal hyperplasia, and difficulties about adaptive remodeling of restenosis (Seedial et al., 2013) . In the present study, short-term data also showed higher incidence of TLR, TVR, and recurrent MI in the DES group. Therefore, DEBs have emerged as a potential alternative to the current treatment of ISR, and provide the freedom of polymers and stent structures. Therefore, DEBs prevent the problem of ''stent in stent'', do not cause stent thrombosis and luminal loss, and may decrease the possibility of sudden death if acute stent thrombosis happens after repeat stenting. In addition, few have reported about DEB use for combined ISR and acute coronary syndrome, especially AMI with high thrombus contained condition.
In the present study, the patients in both groups had similar baseline characteristics, even though non-randomized controlled study. Use of DEBs seems to provide good short-term outcomes and less TLR, TVR, and recurrent MI due to no stent thrombosis. However, the clinical outcome became similar at 1-year follow-up period. In both groups, a relatively higher event rate was noted, because the study population experienced recurrent ISR and had multiple comorbidities including diabetes, and ESRD, and multiple vessel coronary artery disease. CABG could be an option for the patient experienced recurrent ISR and had multiple vessel coronary artery disease. In this study, all patients refused CABG due to high operation risk and patients' choice. In this study, we focused on the impact of DEB for the combination of AMI and ISR in clinical practice for a high risk population.
Limitations
The present study had some limitations, including being a non-randomized study and having selection bias because the operator may consider the use of DES in the patients with complex lesions and the use of DEB in the patients with shorter and simple lesions. Even though the present study is non-randomized, the baseline characteristics were very similar between the two groups. In addition, no previous study compared clinical outcomes between only DEB and DES use for AMI with ISR. Our study provided the insight on the use of DEB for AMI in clinical practice for high risk population.
CONCLUSIONS
DEB is a reasonable strategy for AMI with ISR. Compared with DES, DEB was an alternative strategy which yielded acceptable short-term outcomes and similar 1-year clinical outcomes.
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